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Emergency Evacuations of the Chicago Business Distr ict

� This project has been implemented to 
model the effects of a no-notice event on 
the multi-modal regional transportation 
system in the Chicago metropolitan area

� The chosen scenario postulates a 
radioactive release following an 
explosion at the base of the Sears Tower

� This project deals with the dynamic effect 
on the transportation system

Road Network Courtesy of CMAP
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About Argonne: One of DOE’s Largest Research Facili ties

� Located 25 miles from the Chicago Loop, 
it was the first national laboratory, 
chartered in 1946

� Operated by the University of Chicago for 
the U.S. Department of Energy 

� Major research missions include basic 
science, environmental management, and 
advanced energy technologies

� About 3,000 employees, including about 
1,000 scientists and engineers, of whom 
750 hold doctorate degrees

� Annual operating budget of about $475 
million (80% from DOE)

� Since 1990, Argonne has worked with 
more than 600 companies and numerous 
federal agencies.

http://www.anl.gov/
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TRACC: Create a National User Facility to Meet DOT Advanced 
Computation Needs

� TRACC: Transportation Research and Analysis Computing Center

– DOT and DOE transportation research programs, private 
industry and state and regional transportation agencies are 
moving to simulation based design and analysis for 
improvements in efficiency, economics and safety

– Higher fidelity analysis in areas such as crashworthiness, 
aerodynamics, combustion, thermal management, weather 
modeling and traffic simulation require access to state-of-the-art 
computational and visualization facilities

– ANL has the necessary expertise in high performance computing 
and transportation system analysis to provide both a national 
HPC user facility and a focal point for computational research for 
transportation applications 
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TRACC: Location and Connectivity
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TRACC – High Performance Computing for 
Transportation Research and Applied Technology

Intelligent Transportation Systems*

Occupant Safety
Assessment and Crash

Biomechanics *

Crashworthiness *

Aerodynamics *

Thermal Management *

Road Weather Research *

Bridge Structural Analysis *

Traffic Modeling *

Bridge Hydraulics*

Transportation Data Archive *
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TRACC HPC Configuration Diagram
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Basic Structure of the Evacuation Modeling Project

� Establishment of a TRANSIMS model to simulate the multi-modal 
transportation demand during average days for the entire Chicago
Metropolitan Area

� Simulation of a no-notice emergency evacuation event while a low-level 
radioactive plume is moving across a part of the city using existing 
TRANSIMS capabilities

� Analysis of the development needs for TRANSIMS to better address no-
notice events and other types of evacuation scenarios

� Development of appropriate visualization methodologies to support model 
developers, emergency planners, and first responders

� Companion project: Development of a model that predicts the 
development and spreading of a radioactive plume in the urban canyons 
based on weather and topology
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Track 1: High Level Goals

� Develop a TRANSIMS model for normal days 
that forms the basis for a number of emergency 
evacuation scenarios

� Validate the normal day TRANSIMS model to 
increase confidence in the results

� Provide emergency responders with a baseline 
scenario to evaluate the effects of simulated 
emergency evacuations

� Visualize the results from the emergency 
evacuation scenarios to communicate the effects 
of different scenarios to emergency response 
planners
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Track 1: The Implementation Plan

� Adaptation of CMAP’s regional road and transit 
networks for use in TRANSIMS

� Improvement of CMAP’s networks to increase the 
fidelity of the simulation – implemented by NIU 
students and CMAP staff

� Empirical refinement of network details

� Adaptation of CMAP's trip tables and extrapolation 
in space and time to simulate the trips of individual 
synthetic travelers

� Establishment of a validation framework to compare 
TRANSIMS results against results from other 
CMAP models
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The Chicago Metropolitan Area Road Network

Road Network Courtesy of CMAP
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Urban Canyons and Population Density

Road Network Courtesy of CMAP
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Integrating the Expertise of a Multitude of Organiz ations

� High level coordination of the project through an advisory committee 
comprised of ITTF, IDOT, IEMA, FEMA Region 5, OEMC, and other stake 
holders in Illinois and the region

� Close technical collaboration with the
– Chicago Metropolitan Agency for Planning
– US Department of Transportation

to tap into their expertise in transportation modeling
� Provision of significant resources from Northern Illinois University

– Five Masters and PhD students to support the development of 
models, validation plans, and software extensions

– Eight undergraduate students to edit networks and to prepare 
detailed input data under the direction of CMAP

� Parallelization of TRANSIMS by Northern Illinois University parallel 
computing experts in a companion project

� Development of advanced visualization tools by the Visualization
Laboratory of the National Center for Supercomputing Applications in a 
companion project
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Track 1: Current 
Status

� ~10,000 square miles
� Road network

– 40,000 links
– 14,000 

intersections
– 110,000 locations

� ~26.5 million vehicle 
trips

� ~1.5 million transit 
trips

� Trip tables
– Break-down by 

purpose (work, 
truck, airport, and 
many more)
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Green: Traffic Analysis Zones
Red: CMAP Road Network
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Network Improvements

� Main focus is on network 
topology, in particular:
– Connectivity
– Number of Lanes
– Functional Classes
– Speed Limits
– Coded Length
– Capacities, etc.

� For visualization and more 
precise modeling:
– Exact geographic locations
– Shapes along links
– Correct integration of transit 

links and stops, etc.

Road Network Courtesy of CMAP
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Network Cleaning

� Based on high 
resolution imagery

� GIS-based editing 
procedures
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Level of 
Detail

� Each lane is 
modeled

� Pocket 
lanes

� Connectivity
� Signals

– Phasing
– Timing

� Parking
� Many more 

details

Road Network Courtesy of CMAP
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CBD Microsimulation

� Example for a preliminary 
microsimulation zone

� This zone affects ~2.5 million 
vehicle trips per day

� The tools and methodologies 
for using subarea 
microsimulation are in place

� The microsimulation zone is 
significantly larger than the 
directly affected evacuation 
area
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Some Preliminary Results

� The metropolitan road network 
accommodates the trips reasonably 
well (~1% problems)

� Traffic volumes per lane are shown 
as an indicator of congestion
(e.g. 8:00 to 8:15)

� The TRACC cluster has reduced 
computing time for 27 million routes 
to less than 15 minutes using just 48 
processors (of 512)
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CBD Emergency Scenario Progression

Figure 1: Location of No-Notice Event

Figure 4: Extent of Airborne Plume 12 Minutes after Detonation.

Figure 2: Limited Effects in the Immediate Surroundings

Figure 3: Extent of Airborne Plume 6 Minutes after Detonation.
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CBD Emergency Scenario Progression

Figure 5: Extent of Airborne Plume 18 Minutes after Detonation Figure 6: Extent of Airborne Plume 24 Minutes after Detonation 

Figure 7: Extent of Airborne Plume 30 Minutes after Detonation. Assumed to be 
the maximum extent of the area exposed to radioactive materials since most of 
the airborne contaminants have moved out over Lake Michigan by this time.
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Evacuation Trips

� An initial methodology has been developed to deal with evacuation trips
– Trips originating in the evacuation zone after the event are moved 

forward in time and are assigned a new departure time
– A special distribution of trip origination time is applied (evacuation 

response curve)

Event
Time

Original
Trip Table

Trips 
originating 
from the 
evacuation 
area

Evacuation
Response
Curve

New
Trip Table

Methodology
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Preventing Trips to Enter the Affected Area

� Trips need to be rerouted so that travelers are not sent into the 
evacuation area.

� Likewise, evacuation trips from the area are directed out of the area into a 
specific direction

� This is achieved by setting lane restrictions and turn restrictions, both of 
which can be in effect for selected time periods

Methodology
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Congestion Caused by Evacuation Trips in 10 Min Int ervals
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Directional Evacuation

� Directional evacuation minimizes exposeure to the plume
– Turn prohibitions are used to assure proper re-routing and to keep 

travelers from entering the area
– Lane restrictions are used to restrict two-way traffic on LaSalle Road

Methodology
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The TRANSIMS Emergency Evacuation Model

– Scenario A: After the incident takes place, people in the affected 
area are evacuated, but no roads are being closed, and no active
emergency management actions are being taken

– Scenario B: After the incident takes place, people in the affected 
area are evacuated, and most or all roads in the affected area will be 
closed as the dispersion cloud grows

– Scenario C: In addition to Scenario B, proactive emergency 
management actions will be considered, for example the closure of a 
larger area for thru-traffic, closure of roads to allow for unrestricted 
inflow of emergency vehicles and first responders, and more
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Visualizations (Building Foot Prints)

� Data was 
provided by 
both CMAP and 
OEMC

� The footprints 
will help with 
the visualization 
of results

� Additional uses 
may be a better 
estimation of 
parking 
capacities, 
number of 
workers in high 
rise buildings, 
etc.
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Visualizations



32TRANSIMS Training Course at TRACC

Visualizations
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Visualizations
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Visualizations



35TRANSIMS Training Course at TRACC

Visualizations
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Visualizations
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– GIS visualization materials were mostly developed at Argonne based on 
the TRANSIMS tools developed by AECOM for USDOT

– Advanced TRANSIMS visualization samples were provided by the 
Visualization Laboratory of the National Center for Supercomputing 
Applications at the University of Illinois at Urbana/Champaign

– Road network and trip data was provided by the Chicago Metropolitan 
Agency for Planning

– Northern Illinois University provided students both to CMAP as well as 
Argonne to work on the emergency simulation models and to improve 
the road network

– IDOT, IEMA, USDOT, and IEPA provided the funding for much of the
work described in this document

– In addition, OEMC, FEMA, and DuPage County are part of a steering 
committee to direct the work on this project

– USDOT provided the funding for the TRACC computing center and the 
resources necessary to perform these training session


